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1
ELECTROLYTIC CAPACITOR

RELATED APPLICATIONS

This application 1s a Continuation of U.S. patent appli-
cation Ser. No. 16/833,951, filed on Mar. 30, 2020, which 1s
a Continuation of the PCT International Application No.
PCT/IP2018/040226 filed on Oct. 30, 2018, which claims
the benefit of foreign priority of Japanese Patent Application

No. 2017-210677 filed on Oct. 31, 2017, the contents all of
which are incorporated herein by reference.

BACKGROUND

1. Technical Field

The present disclosure relates to an electrolytic capacitor
using a solid electrolyte and an electrolytic solution.

2. Description of the Related Art

A so-called hybrid electrolytic capacitor, which includes
a solid electrolyte and an electrolytic solution, 1s considered
to be promising as a capacitor that 1s small-sized and has a
large capacitance and a low equivalent series resistance
(ESR).

In WO 2014/021333 A, 1t 1s proposed that, 1n an electro-
lytic solution of a hybnd electrolytic capacitor, ethylene
glycol and y-butyrolactone are used as a solvent, and poly-
cthylene glycol 1s added as an additive agent.

SUMMARY

An electrolytic capacitor according to the present disclo-
sure includes a capacitor element and an electrolytic solu-
tion. The capacitor element includes: an anode body 1nclud-
ing a dielectric layer; a cathode body; and a solid electrolyte
in contact with the dielectric layer. The electrolytic solution
includes a solvent, a solute, and a polymer component. The
solvent includes an ethylene glycol compound. The polymer
component includes polyalkylene glycol. The polyalkylene
glycol includes at least one of (1) a mixture of polyoxyeth-
ylene and polyoxypropylene and (11) an oxyethylene-oxy-
propylene copolymer. In the polyalkylene glycol, a molar
ratio m/n of oxyethylene umts to oxypropylene units 1s
greater than 1.

It 1s possible to sufliciently reduce a leakage current 1n a
hybrid electrolytic capacitor that uses an electrolytic solu-
tion containing an ethylene glycol compound such as eth-
ylene glycol.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic cross-sectional view illustrating an
clectrolytic capacitor according to an exemplary embodi-
ment of the present disclosure; and

FIG. 2 1s a schematic diagram for describing a configu-

ration of a capacitor element according to the exemplary
embodiment.

DETAILED DESCRIPTION OF EMBODIMENT

In general, 1n a case of an electrolytic capacitor, a dielec-
tric layer that 1s an oxide film (anodization film) 1s formed
on a surface of an anode body to improve a withstand
voltage. Since ethylene glycol compounds such as ethylene
glycol and diethylene glycol do not easily dissociate a solute
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in an electrolytic solution, a restoration function of the oxide
film tends to decline. Thus, when an electrolytic solution
including the ethylene glycol compound i1s used, a leakage
current 1s not sufliciently suppressed.

An electrolytic capacitor according to an exemplary
embodiment of the present disclosure includes a capacitor
clement and an electrolytic solution. The capacitor element
includes: an anode body including a dielectric layer; a
cathode body; and a solid electrolyte in contact with the
dielectric layer. The electrolytic solution includes a solvent,
a solute, and a polymer component. The solvent includes an
cthylene glycol compound. The polymer component
includes polyalkylene glycol.

The polyalkylene glycol
includes at least one of (1) a mixture of polyoxyethylene and
polyoxypropylene and (11) an oxyethylene-oxypropylene
copolymer. In the polyalkylene glycol, a molar ratio (im/n) of
oxyethylene units to oxypropylene units 1s greater than 1.

An ethylene glycol compound such as ethylene glycol
does not easily pass through a sealing member and has an
cllect of mhibiting transpiration of the electrolytic solution
in the electrolytic capacitor, but does not easily dissociate
the solute contaimned i1n the electrolytic solution. In the
clectrolytic capacitor, for restoration of the dielectric layer 1n
which defects are generated, metal contained in the anode
body needs to be pulled out and, at the same time, to be
oxidized due to an action of anions generated by dissociation
of the solute. For this reason, when an ethylene glycol
compound 1s used for the electrolytic solution, restorability
of the dielectric layer (dielectric material film) tends to
decline.

In the present exemplary embodiment, there 1s used
polyalkylene glycol (specifically, a mixture of polyoxyeth-
ylene and polyoxypropylene, and/or an oxyethylene-oxy-
propylene copolymer) whose molar ratio (m/n) of oxyeth-
ylene units to oxypropylene units 1s greater than 1. Although
the action mechanism 1s not clear 1n detail, the following
mechanism can be considered. By making the molar ratio
(m/n) greater than 1, it 1s easy to position polyalkylene
glycol at an appropriate position in the vicinity of the anode
body. Thus, the pulling-out of the metal constituting the
anode body due to the action of the anions 1s appropriately
limited when detects are generated 1n the dielectric layer and
the dielectric layer 1s then restored. Hence, the restored
dielectric layer 1s densely formed. On the other hand, when
the molar ratio (m/n) 1s less than or equal to 1, 1t 1s difhicult
to sutliciently reduce the leakage current. The reason for this
can be considered as follows. When the molar ratio (m/n) 1s
less than or equal to 1, too much polyalkylene glycol having
an oxypropylene unit exists in the vicinity of the anode body.
Thus, the anions do not easily act on a surface of the anode
body. Hence, the restoration of the dielectric layer 1s inter-
tered with. Further, 1n the case where the molar ratio (m/n)
1s less than or equal to 1, it polyalkylene glycol 1s in close
contact with the anode body, pores and recesses (pits) on the
surface of the anode body are blocked. Hence, capacitance
cannot be obtained 1n some cases. In the present exemplary
embodiment, since the molar ratio (m/n) 1s made greater
than 1, such blocking of the pits can be suppressed. Such
polyalkylene glycol as described above improves the
restorability of the dielectric layer of the electrolytic capaci-
tor, and thus the leakage current can be reduced.

Note that the polyalkylene glycol 1s a mixture of poly-
oxyethylene and polyoxypropylene and/or 1s an oxyethyl-
ene-oxypropylene copolymer. When the polyalkylene glycol
1s the mixture of polyoxyethylene and polyoxypropylene,
polyoxypropylene can be easily located 1n the vicinity of the
anode body and the like. The oxyethylene-oxypropylene
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copolymer helps the polyalkylene glycol to be located at an
appropriate position 1n the vicinity of the anode body. And
thus the restorability of the dielectric layer 1s further
improved. Further, since the oxyethylene-oxypropylene
copolymer has a chain structure as a main structure (or a
main chain of the oxyethylene-oxypropylene copolymer has
a chain structure), the oxyethylene-oxypropylene copolymer
moves 1n the electrolytic solution more easily than a poly-
mer having a branch structure. Thus, the oxyethylene-
oxypropylene copolymer can be easily disposed in the
vicinity of the dielectric layer, so that the restorability of the
dielectric layer can be improved.

Hereinatter, the present disclosure will be described more
specifically with reference to the exemplary embodiment.
However, the following exemplary embodiment does not
limit the present disclosure.

FIG. 1 1s a schematic cross-sectional view illustrating an
clectrolytic capacitor according to the present exemplary
embodiment, and FIG. 2 1s a schematic diagram showing a
partially developed view of a capacitor element according to
the electrolytic capacitor.

The electrolytic capacitor includes, for example, capacitor
clement 10, cylindrical case 11 that houses capacitor ele-
ment 10, sealing member 12 that closes an opening of case
11, and seat plate 13 that covers sealing member 12. The
electrolytic capacitor further includes: lead wires 14A, 14B
led through through-holes in sealing member 12 and pen-
ctrating through seat plate 13; and lead tabs 15A, 15B
connecting between lead wires 14A, 14B and electrodes of
capacitor element 10. A part of case 11 1n the vicinity of an
open end of case 11 1s drawn mward, and the open end 1s
curled to be swaged to sealing member 12.

Capacitor element 10 1s made of a wound body shown in
FIG. 2. The wound body includes anode body 21 connected
to lead tab 15A, cathode body 22 connected to lead tab 15B,
and separator 23. The wound body 1s a half-finished product,

where no solid electrolyte 1s formed between anode body 21
and cathode body 22.

Anode body 21 and cathode body 22 are wound with
separator 23 disposed between anode body 21 and cathode
body 22. The outermost periphery of the wound body 1s
fixed with winding stop tape 24. FI1G. 2 1llustrates the wound
body, where the outermost periphery of the wound body 1s
not yet fastened and a part of the wound body 1s partially
developed.

Anode body 21 includes a metal foil whose surface 1s
roughened to have projections and recesses, and the dielec-
tric layer 1s formed on the metal fo1l having the projections
and recesses. A solid electrolyte 1s attached to at least a part
of a surface of the dielectric layer. The solid electrolyte may
cover at least a part of a surface of cathode body 22 and/or
a part of a surface of separator 23. Capacitor element 10 1n
which the solid electrolyte 1s formed 1s housed 1n case 11
together with the electrolytic solution (not shown).
(Electrolytic Solution)

The electrolytic solution includes a solvent, a solute, and
a polymer component. The electrolytic solution can be
prepared by mixing constituents.

(Solvent)

The solvent includes at least an ethylene glycol compound
(first solvent). As the ethylene glycol compound, ethylene
glycol or polyethylene glycol having oxyethylene umits at
repeating number ranging from 2 to 8, inclusive. Examples
of polyethylene glycol used as the first solvent include
diethylene glycol, triethylene glycol, tetracthylene glycol,
pentaethylene glycol, and hexaethylene glycol. A repeating
number of oxyethylene units in the polyethylene glycol may
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preferably range from 2 to 6, inclusive, and may range from
2 to 4, inclusive. One type of ethylene glycol compound may
be used alone, or two or more types may be used in
combination. Among others, ethylene glycol 1s preferable
since ethylene glycol does not easily pass through a sealing
body. Further, compared with the other first solvents, eth-
ylene glycol has a low viscosity, and thus the ethylene glycol
casily solves the solute. Further, since ethylene glycol has
high thermal conductivity, and 1s excellent in heat radiation
performance when a ripple current i1s generated, ethylene
glycol also has an eflect to improve heat resistance of the
capacitor.

The solvent may include a second solvent other than an
cthylene glycol compound. Examples of the second solvent
include non-aqueous solvents such as an organic solvent and
an 1onic liqud.

Examples of the non-aqueous solvent include glycol
compounds other than an ethylene glycol compound, a
sulfone compound, a lactone compound, and a carbonate
compound. Examples of the glycol compound include pro-
pyvlene glycol, trimethylene glycol, 1,4-butanediol, pen-
tanediol, and hexanediol. Examples of the sulfone com-
pound include chain sulfone (such as dimethyl sulfone, and
diethyl sulfone), cyclic sulfone (such as sulfolane, 3-meth-
ylsulfolane, 3,4-dimethylsulfolane, and 3,4-diphenylmeth-
ylsulfolane). Examples of the lactone compound include
v-butyrolactone (GBL) and y-valerolactone. Examples of the
carbonate compound include dimethyl carbonate, diethyl
carbonate, ethyl methyl carbonate, ethylene carbonate, pro-
pylene carbonate, and fluoroethylene carbonate. One type of
second solvent may be used alone, or two or more types may
be used in combination.

A proportion of the ethylene glycol compound in the
solvent 1s preferably more than or equal to 10% by mass and
1s Turther preferably more than or equal to 20% by mass or
more than or equal to 30% by mass. When the proportion of
the ethylene glycol compound 1s in the above range, the
restorability of the dielectric layer tends to decline. In the
present exemplary embodiment, by using polyalkylene gly
col having the m/n ratio of greater than 1, it 1s possible to
form a dense dielectric layer. Hence, even 1f the ratio of the
cthylene glycol compound 1s in the above range, it is
possible to improve the restorability of the dielectric layer
and to thus suppress the leakage current. Further, when the
proportion of the ethylene glycol compound i1s 1n the above
range, 1t 1s also easy to achieve an eflect to reduce transpi-
ration of the solvent. An upper limit of the proportion of the
cthylene glycol compound 1n the solvent 1s not particularly
limited, and the proportion may be less than or equal to
100% by mass. From a viewpoint of easily securing high
restorability of the dielectric layer, the proportion of the
cthylene glycol compound 1n the solvent may be less than or
equal to 70% by mass. These lower limits and upper limaits
can be arbitrarily combined.

Further, when at least a sulfone compound 1s used as the
second solvent, a degree of dissociation of the solute can be
casily improved. Thus, the restorability of the dielectric
layer can be further improved. The sulfone compound 1s an
organic compound having a sulfonyl group (—SO,—) 1n the
molecule. Examples of the sulfone compound 1nclude chain
sulfone and cyclic sulfone. Examples of the chain sulifone
include dimethyl sulfone, diethyl sulfone, dipropyl sulione,
and diphenyl sulfone. Examples of the cyclic sulione
include sulfolane, 3-methylsuliolane, 3,4-dimethylsulio-
lane, and 3,4-diphenylmethylsulfolan. From a viewpoint of
dissociability of the solute and thermal stability, the sulfone
compound 1s preferably sulfolane among others. Sulfolane
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has low wviscosity compared with the other sulfone com-
pounds and thus easily solves the solute. When a sulfone
compound 1s contained in the solvent, the proportion of the
sulfone compound in the solvent 1s preferably more than or
equal to 10% by mass and less than or equal to 70% by mass.
(Solute)

As the solute, an 10nic substance such as salt of an acid
component and a base component 1s preferable. At least part
of the salt 1s dissociated in the electrolytic solution to
generate cations and anions. Since the solute includes an
acid component and a base component, the degree of dis-
sociation 1s 1increased, whereby the restorability of the
dielectric layer can be improved. Note that when the elec-
trolytic solution 1s prepared, the salt may be added to the
solvent, or the acid component and the base component may
be added to the solvent. Alternatively, the salt, and the acid
component and/or the base component may be added to the
solvent.

The acid component 1s preferably organic acid. Examples
of the organic acid include organic carboxvlic acid and
anhydride of organic carboxylic acid. Examples of the
organic acid include aromatic carboxylic acid, aliphatic
carboxylic acid, and alicyclic carboxylic acid. Examples of
the aromatic carboxylic acid include phthalic acid, 1soph-
thalic acid, terephthalic acid, benzoic acid, salicylic acid,
trimellitic acid, and pyromellitic acid. Examples of the
alicyclic carboxylic acid include maleic acid and adipic acid.
Examples of the alicyclic carboxylic acid include hydride of
aromatic carboxylic acid. A phthalic acid 1s preferable since
the phthalic acid provides high restorability of the dielectric
layer and high thermal stability. One of the acid components
may be used or, two or more of the acid components may be
used 1n combination.

The base component i1s preferably an organic base.
Examples of the organic base include an amine compound,
a quaternary amidinium compound, and a quaternary ammo-
nium compound. The amine compound may be any of the
primary, secondary, and tertiary amines. Examples of the
amine compound include aliphatic amine, aromatic amine,
and heterocyclic amine. One type of base component may be
used alone, or two or more types may be used 1n combina-
tion.

Specific examples of the amine compound 1nclude meth-
ylamine, dimethylamine, monoethyldimethylamine, trim-
cthylamine, ethylamine, diethylamine, tricthylamine, ethyl-
enediamine, N, N-dusopropylethylamine, tetramethylet-
hylenediamine, hexamethylenediamine, spermidine, sp
ermine, amantadine, aniline, phenethylamine, toluidine, pyr-
rolidine, piperidine, piperazine, morpholine, imidazole, 1mi-
dazoline, pynidine, pyrnidazine, pyrimidine, pyrazine, and
4-dimethylaminopyridine.

As the quaternary amidinium compound, it 1s preferable
to use a quaternary compound of an annular amidine com-
pound, and examples of the quaternary compound include
an 1midazolium compound and an imidazolimmum com-
pound. Examples of the quaternary imidazolium compound
include 1,3-dimethylimidazolium, 1,2,3-trimethylimidazo-
lium, 1-ethyl-3-methylimidazolium, 1-ethyl-2,3-dimethyl-
imidazolium, 1,3-diethylimidazolium, 1,2-diethyl-3-meth-
yvlimidazolium, and 1,3-diethyl-2-methylimidazolium.
Examples of the quaternary imidazolintum compound
include 1,3-dimethylimidazolinium, 1,2,3-trimethylimida-
zolinium, 1-ethyl-3-methylimidazolimum, 1-ethyl-2,3-dim-
cthylimidazolintum, 1,3-diethylimidazolinium, 1,2-diethyl-
3-methylimidazolinium, 1,3-diethyl-2-methylimidaz-
olinium, and 1,2,3,4-tetramethylimidazolinium.
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As the quaternary ammonium compound, 1t 1s preferable
to use, for example, diethyldimethylammonium, monoeth-
yltrimethylammonium, or the like.

From a viewpoint of suppressing deterioration of the solid
clectrolyte and improving the restorability of the dielectric
layer, a molar ratio (acid component/base component) of the
acid component to the base component 1s preferably more
than or equal to 1.1 and less than or equal to 10.0.

The concentration of the acid component 1n the electro-
lytic solution preferably ranges from 5% by mass to 50% by
mass, inclusive, and further preferably ranges from 10% by
mass to 30% by mass, inclusive. The concentration of the
base component in the electrolytic solution preferably
ranges from 1% to 40% by mass, inclusive, and further
preferably ranges from 3% by mass to 20% by mass,
inclusive. In the above cases, the restorability of the dielec-
tric layer can be further improved.

(Polymer Component)

The polymer component contains at least polyalkylene
glycol (first polymer), and may further contain a second
polymer other than polyalkylene glycol. As the polyalkylene
glycol, a mixture of polyoxyethylene and polyoxypropylene,
and/or an oxyethylene-oxypropylene copolymer 1s used.
Here, 1n the polyalkylene glycol, a molar ratio (m/n) of
oxyethylene umits (—O—CH,—CH,—) to oxypropylene
umts (—O—CH(—CH;)—CH,—) 1s greater than 1. By
using such polyalkylene glycol, the restorability of the
dielectric layer 1s improved as described above, and thus the
leakage current can be reduced.

It 1s enough that the m/n ratio 1s greater than 1. From a
viewpoint of easily locating the polyalkylene glycol at an
appropriate position in the vicinity of the anode body, the
m/n ratio 1s preferably more than or equal to 1.1, and 1s
turther preferably more than or equal to 1.2. When the m/n
ratio 1s less than or equal to 1, the restorability of the
dielectric layer 1s mnsuflicient as described above, and the
capacitance may be low 1n some cases. From a viewpoint of
casily locating the polyalkylene glycol in the vicimity of the
anode body, the m/n ratio 1s preferably less than or equal to
10 and may be less than or equal to 5. These lower limits and
upper limits can be arbitrarily combined.

In an electrolytic capacitor, the m/n ratio of polyalkylene
glycol contained 1n the electrolytic solution 1s calculated, for
example, by using NMR (Nuclear Magnetic Resonance)
analysis by using the electrolytic solution taken out from the
clectrolytic capacitor.

Note that, in the above copolymer, the arrangement of
oxyethylene units and oxypropylene units 1s not particularly
limited. The copolymer may be a random copolymer or may
be a block copolymer. Further, the copolymer may be a
copolymer that has a part where oxyethylene units and
oxypropylene units are arranged at random and have a
polyoxyethylene block and/or a polyoxypropylene block.

A number-average molecular weight (Mn) of each of
polyoxyethylene, polyoxypropylene, and the above copoly-
mer preferably ranges from 200 to 5,000, inclusive, and
turther preferably ranges from 1,000 to 3,000, inclusive. By
using materials having the above Mn, polyalkylene glycol
can be located 1n the vicinity of the anode body while aflinity
between polyalkylene glycol and the solvent 1s being
secured to a certain extent. Note that Mn 1s a number-
average molecular weight converted to polystyrene, and the
number-average molecular weight 1s calculated by using gel
permeation chromatography.

A concentration of each of polyoxyethylene, polyoxypro-
pylene, and the above copolymer in the electrolytic solution
1s preferably less than or equal to 50% by mass and 1s further
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preferably less than or equal to 40% by mass, or less than or
equal to 30% by mass. When the concentration 1s in the
above ranges, the restorability of the dielectric layer 1n the
clectrolytic solution can be further improved. From a view-
point of preventing diflusion of aluminum, the concentration
of each of the polyoxyethylene, polyoxypropylene and the
above copolymer in the electrolytic solution 1s preferably
more than or equal to 5% by mass.

(Ester Compound)

The electrolytic solution may further contain at least one
type of ester compound selected from a group consisting of
a condensation product of a boric acid and a hydroxy
compound and a condensation product of a phosphoric acid
and a hydroxy compound. In the present exemplary embodi-
ment, when an ethylene glycol compound and an acid
component as the solute are used, water 1s generated by
dehydration condensation 1n the electrolytic solution. Thus,
the water 1s vaporized at the time of a reflow treatment to
cause an 1nternal pressure ol the electrolytic capacitor
increase 1 some cases. When an ester compound 1s added,
hydrolysis of the ester compound can reduce an amount of
water 1n the electrolytic capacitor. Hence, it 1s possible to
suppress the increase 1n the internal pressure of the electro-
lytic capacitor at the time of the reflow treatment. As a resullt,
it 15 possible to suppress mounting failure of the electrolytic
capacitor caused by deformation of the sealing member 1n
association with the increase in the internal pressure and
other failures. Note that, since an ester compound does not
solve the solute almost at all, the ester compound 1s not
counted 1n the solvent in the electrolytic solution.

The boric acid 1s preferably orthoboric acid, and the
phosphoric acid 1s preferably orthophosphoric acid.

The hydroxy compound may be any of monool and
polyol. The hydroxy compound may be sugar alcohol. From
a viewpoint ol improving a withstand voltage, polyol 1is
preferably used as the hydroxy compound. In addition to
improvement of the withstand voltage, from a viewpoint of
improving the eflect of reducing water, diol such as poly-
alkylene glycol 1s preferable among polyols. Further, poly-
alkylene glycol monoalkyl ether 1s preferable among
monools. As necessary, it 1s possible to use both of a
condensation product of boric acid or phosphoric acid and
polyol; and a condensation product of boric acid or phos-
phoric acid and monool.

In the boric ester, the molar ratio (boric acid:hydroxy
compound) ranges, for example, from 1:3 to 6:1, inclusive,
and preferably ranges from 1:3 to 1:1, inclusive. In the
phosphoric ester, the molar ratio (phosphoric acid:hydroxy
compound) ranges, for example, from 1:3 to 6:1, inclusive,
and preferably ranges from 1:3 to 1:1, inclusive.

Examples of polyalkylene glycol monoalkyl ether include
a compound expressed by a general formula: H(OC,H,),
OC_H,,,,, where p i1s an imnteger ranging from 1 to 500,
inclusive, and g 1s an integer ranging from 2 to 20, inclusive.
Specifically, examples of the polyalkylene glycol monoalkyl
cther include triethylene glycol monomethyl ether and tet-
racthylene glycol monomethyl ether.

Examples of the polyalkylene glycol include a compound
expressed by a general formula: H(OC,H, ) OH, where r 1s
an integer ranging from 2 to 500, inclusive. Specifically,
examples of the polyalkylene glycol include diethylene
glycol and triethylene glycol.

The content proportion of the ester compound in the
whole electrolytic solution (including the ester compound)
preferably ranges from 3% by mass to 40% by mass,
inclusive, and further preferably ranges from 10% by mass
to 30% by mass, inclusive.
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(Capacitor Element 10)

Capacitor element 10 includes an anode body including a
dielectric layer; a cathode body; and a solid electrolyte 1n
contact with the dielectric layer. Capacitor element 10
normally 1ncludes a separator disposed between the anode
body and the cathode body.

(Anode Body)

Examples of the anode body include a metal foil having
a roughened surface. Although a type of metal constituting
the metal foil 1s not particularly limited, 1t 1s preferable to
use a valve metal such as aluminum, tantalum, or niobium
or to use an alloy containing a valve metal from a viewpoint
ol easiness 1n forming the dielectric layer.

Roughening of the surface of the metal foil can be
performed by a publicly known method. By the surface
roughening, a plurality of projections and recesses are
formed 1n the surface of the metal foil. The surface rough-
cning 1s preferably performed, for example, by subjecting
the metal fo1l to an etching treatment. The etching treatment
may be performed, for example, by a direct current electro-
lyzing method or an alternating current electrolyzing
method.

(Dielectric Layer)

The dielectric layer 1s formed on a surface of the anode
body. Specifically, the dielectric layer 1s formed on the
roughened surface of the metal foil, so that the dielectric
layer 1s formed along an inner wall surface of pores and
recesses (pits) at the surface of the anode body.

Although a method for forming the dielectric layer 1s not
particularly limited, the dielectric layer can be formed by an
anodizing treatment of the metal foil. The anodizing treat-
ment may be performed, for example, by immersing the
metal foil 1n an anodizing solution such as an ammonium
adipate solution. In the anodizing treatment, a voltage may
be applied as necessary while the metal foil 1s being
immersed in the anodizing solution.

Normally, from a viewpoint of mass productivity, a large
metal o1l made of, for example, a valve metal 1s subjected
to the surface roughening treatment and the anodizing
treatment. In this case, the foil that has been subjected to the
above treatments 1s cut 1n a desired size to prepare the anode
body on which the dielectric layer 1s formed.

(Cathode Body)

As the cathode body, a metal foil 1s used, for example. A
type of the metal 1s not particularly limited, but 1t 1s
preferable to use a valve metal such as aluminum, tantalum,
or niobium or to use an alloy including a valve metal. The
cathode body may be subjected to a surface roughening
treatment and/or an anodizing treatment as necessary. The
surface roughening treatment and the anodizing treatment
can be performed by, for example, the method described
with respect to the anode body.

(Separator)

The separator 1s not particularly limited. For example, it
1s possible to use an unwoven fabric containing a fiber
maternal such as cellulose, polyethylene terephthalate, viny-
lon, or polyamide (for example, aliphatic polyamide or
aromatic polyamide such as aramid).

(Solid Electrolyte)

The solid electrolyte contains, for example, a manganese
compound or a conductive polymer. As the conductive
polymer, 1t 1s possible to use, for example, polypyrrole,
polythiophene, polyaniline, or derivatives of these polymers.
The solid electrolyte containing the conductive polymer can
be formed by, for example, chemical polymerization and/or
clectrolytic polymerization of raw material monomers on the
dielectric layer. Alternatively, the solid electrolyte can be
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formed by applying, to the dielectric layer, a solution 1n
which the conductive polymer 1s solved or a dispersion

liquid 1n which the conductive polymer 1s dispersed.

(Others)

Capacitor element 10 can be produced by a publicly
known method. For example, capacitor element 10 may be
produced as follows: an anode body on which a dielectric
layer 1s formed and a cathode body are stacked with a
separator disposed between the anode body and the cathode
body; and a solid electrolyte layer 1s then formed between
the anode body and the cathode body. Capacitor element 10
may also be produced as follows: a wound body as illus-
trated 1 FIG. 2 1s formed by winding an anode body on
which a dielectric layer 1s formed and a cathode body, with
the separator disposed between the anode body and the
cathode body; and a solid electrolyte layer 1s formed
between the anode body and the cathode body. When the
wound body 1s formed, the anode body and the cathode body
may be wound while lead tabs 15A, 15B are rolled in the
wound body, so that lead wires 14A, 14B stand up from the
wound body as shown 1n FIG. 2.

One of the anode body, the cathode body, and the sepa-
rator, which 1s located to be the outermost layer of the
wound body (cathode body 22 1n FIG. 2), 1s fixed with a
winding stop tape at an end part of its outer surface. Note
that when the anode body 1s prepared by cutting a large-
sized metal foil, an anodizing treatment may further be
performed on the capacitor element in the form of the wound
body or the like so as to provide the dielectric layer on a
cutting surface of the anode body.

Capacitor element 10 and the prepared electrolytic solu-
tion are housed 1n case 11, and then an opening of case 11
1s sealed with sealing member 12. In this way, the electro-
lytic capacitor 1s produced.

EXAMPLES

Hereinafter, the present disclosure 1s specifically
described with reference to examples and comparative
examples. However, the present disclosure 1s not limited to
the examples below.

Example 1

In this example, there were produced wound type elec-
trolytic capacitors (diameter of 10 mmxlength of 10 mm)
having a rated voltage of 35 V and a rated capacitance of 270
uF. Heremafiter, a specific method for manufacturing each
clectrolytic capacitor will be described.

(Production of Capacitor Element)

A dielectric layer was formed by performing an anodizing
treatment, by using an ammonium adipate solution, on an
aluminum {foil having a roughened surface. The obtained
anode fo1l was cut 1n a predetermined size. A wound body
was prepared by connecting a lead tab to each of aluminum
foi1ls as an anode fo1l and a cathode foil, winding the anode
fo1l and the cathode foi1l with a separator disposed between
the anode foil and the cathode foil, and fixing an outer
surface with a winding stop tape. In this process, the anode
body and the cathode body were wound around the lead tabs
such that the lead tabs and lead wires integrated into the lead
tabs were led out from the wound body. The anodizing
treatment was performed again on the wound body by using,
the ammonium adipate solution.

The wound body was immersed for 5 minutes 1 a
conductive polymer dispersion, contained in a predeter-
mined container, containing polyethylenedioxythiophene,
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polystyrenesulfonic acid, and water. Thereafter, the wound
body was taken out from the conductive polymer dispersion.
The wound body impregnated with the conductive polymer
dispersion was dried for 20 minutes 1n a 150° C. 1n drying
furnace to fix the conductive polymer between the anode foil
and the cathode foi1l of the wound body. A capacitor element
was completed 1n this manner and was housed 1n a bottomed
cylindrical case having a diameter of 10 mm and a length of
10 mm.

(Impregnation with Electrolytic Solution)

An electrolytic solution was njected into the case and
impregnated 1n the capacitor element in a decompressed
atmosphere (40 kPa). As the electrolytic solution, a solution
was used that was obtained by dissolving phthalic acid and
triethylamine as the solute, and an oxyethylene-oxypropyl-
ene copolymer 1n the solvent containing ethylene glycol and
sulfolane at a mass ratio of 1:1. In the electrolytic solution,
concentration of the phthalic acid component was 20% by
mass, concentration of the triethylamine component was 5%
by mass, and concentration of the copolymer was 20% by
mass. The molar ratio (im/n) of oxyethylene units to oxy-
propylene units 1n the copolymer was 1.3, and the Mn of the
copolymer was 1,700.

(Sealing of Capacitor Element)

The capacitor element impregnated with the electrolytic
solution was encapsulated to complete each electrolytic
capacitor. Specifically, the capacitor element was sealed 1n a
bottomed case in the following manner: the capacitor ele-
ment was housed in the bottomed case with lead wires
positioned on an opening side of the bottomed case; and a
sealing member (an elastic matenial including butyl rubber
as a rubber component) that was formed to allow the lead
wires to penetrate through the sealing member was disposed
above the capacitor element. Then, a part of the bottomed
case 1n the vicinity of an open end was drawn. In addition,
the open end was curled, and a seat plate was disposed at the
curled part to complete each electrolytic capacitor shown 1n
FIG. 1. After that, an aging treatment was performed with a
voltage applied.

Example 2

An electrolytic solution was prepared 1in the same manner
as 1n Example 1 except that a mixture of polyoxyethylene
(Mn: 1,000) and polyoxypropylene (Mn: 1,000) was used
instead of the copolymer, and an electrolytic capacitor was
assembled. In the electrolytic solution, concentration of the
polyoxyethylene was 10% by mass, and concentration of the
polyoxypropylene was 10% by mass. In the whole use
polyoxyethylene and polyoxypropylene, the molar ratio
(m/n) of oxyethylene units to oxypropylene units was 1.3.

Example 3

The molar ratio (m/n) of oxyethylene units to oxypropyl-
ene units 1 the oxyethylene-oxypropylene copolymer was
changed to 1.05. An electrolytic solution was prepared 1n the
same manner as 1n Example 1 except the above change, and
an electrolytic capacitor was assembled.

Example 4

The molar ratio (m/n) of oxyethylene units to oxypropyl-
ene units 1 the oxyethylene-oxypropylene copolymer was
changed to 2.0. An electrolytic solution was prepared in the
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same manner as in Example 1 except the above change, and
an electrolytic capacitor was assembled.

Example 5

The molar ratio (m/n) of oxyethylene units to oxypropyl-
ene units 1n the oxyethylene-oxypropylene copolymer was
changed to 5.0. An electrolytic solution was prepared in the
same manner as 1 Example 1 except the above change, and
an electrolytic capacitor was assembled.

Example 6

An electrolytic solution was prepared 1n the same manner
as 1n Example 1 except that a condensation product of boric
acid and a hydroxy compound was added to the electrolytic
solution, and an electrolytic capacitor was assembled. As the
condensation product of boric acid and a hydroxy com-
pound, a condensation product of boric acid and a monool
compound and a condensation product of boric acid and a
diol compound were used. The molar ratio of the monool
compound to the diol compound (monool compound:diol
compound) was 1:1. Triethylene glycol monomethyl ether
was used as the monool compound, and diethylene glycol
was used as the diol compound.

Comparative Example 1

An electrolytic solution was prepared in the same manner
as in Example 1 except that polyethylene glycol (Mn: 1,000)
was used 1instead of the copolymer, and an electrolytic
capacitor was assembled. Concentration of the polyethylene
glycol 1n the electrolytic solution was 50% by mass.

Comparative Example 2

An electrolytic solution was prepared 1in the same manner
as 1 Example 1 except that the molar ratio (m/n) of
oxyethylene units to oxypropylene units 1n the oxyethylene-
oxypropylene copolymer was changed to 0.67, and an
clectrolytic capacitor was assembled.

Comparative Example 3

In the electrolytic solution, concentration of the polyoxy-
cthylene was respectively 17% by mass, and concentration
of the polyoxypropylene was 33% by mass. And the molar
rat1o (m/n) of oxyethylene units to oxypropylene units in the
whole used polyoxyethylene and polyoxypropylene was
0.67. An electrolytic solution was prepared in the same
manner as in Example 2 except the above concentrations and
molar ratio, and an electrolytic capacitor was assembled in
the same manner as 1n Example 1.
| Evaluations]

Leakage currents were measured 1n the following proce-
dure by using the electrolytic capacitors obtained in the
examples and the comparative examples. With respect to
cach of the examples and the comparative examples, ten
clectrolytic capacitors were randomly chosen, and then these
clectrolytic capacitors were left under a condition at tem-
perature of 155° C. 1n 3,000 hours. After that, a voltage of
35V was applied between the anode body and the cathode
body 1n each electrolytic capacitor, and a leakage current
(LC) after 120 seconds from the application of the voltage
was measured. Subsequently, an average of LC values for
ten electrolytic capacitors was calculated with respect to the
cach of the examples and the comparative examples. The
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results are shown 1n Table 1. Examples 1 to 6 are respec-
tively represented by Al to A6, and Comparative Examples
1 to 3 are respectively represented by Bl to B3.

TABLE 1

Average value of LC (uA)

Al 34
A2 3.6
A3 4.8
A4 4.5
AS 5.0
Ab 3.5
Bl 76.4
B2 18.3
B3 35.6

As shown 1n Table 1, the average values of LC for the
examples are largely reduced compared with the compara-
tive examples. Further, regarding the electrolytic capacitors
of A6, 1n which the electrolytic solution including an ester
compound was used, an increase of the internal pressure at
the time of reflow treatment was suppressed compared with
the other electrolytic capacitors.

The present disclosure 1s appropriate to a hybrid electro-
lytic capacitor using a solid electrolyte and an electrolytic
solution.

What 1s claimed 1s:

1. An electrolytic capacitor comprising a capacitor ele-
ment and an electrolytic solution, the capacitor element
including: an anode body including a dielectric layer; a
cathode body; and a solid electrolyte 1n contact with the
dielectric layer, wherein:

the electrolytic solution includes a solvent, a solute, and
a polymer component,

the solvent includes an ethylene glycol compound,

the polymer component includes polyalkylene glycol,

the polyalkylene glycol includes an oxyethylene-oxypro-
pylene copolymer,

a molar ratio m/n of oxyethylene units to oxypropylene
units in the polyalkylene glycol 1s greater than 1 and
less than or equal to 5, and

a number-average molecular weight of the oxyethylene-
oxypropylene copolymer ranges from 1,000 to 5,000,
inclusive.

2. The electrolytic capacitor according to claim 1, wherein

a proportion of the ethylene glycol compound 1n the solvent
1s more than or equal to 10% by mass.

3. The electrolytic capacitor according to claim 1, wherein
the ethylene glycol compound 1s at least one selected from

a group consisting of ethylene glycol and polyethylene
glycol, the polyethylene glycol including oxyethylene units
at repeating number ranging from 2 to 8, inclusive.

4. The electrolytic capacitor according to claim 1, wherein
a number-average molecular weight of the oxyethylene-
oxypropylene copolymer ranges from 1,000 to 3,000, inclu-
S1Ve.

5. The electrolytic capacitor according to claim 1, wherein
a concentration of the oxyethylene-oxypropylene copolymer
in the electrolytic solution 1s less than or equal to 50% by
mass.

6. The electrolytic capacitor according to claim 5, wherein
a concentration of the oxyethylene-oxypropylene copolymer
in the electrolytic solution 1s more than or equal to 5% by
mass.
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7. The electrolytic capacitor according to claim 5, wherein
a concentration of the oxyethylene-oxypropylene copolymer
in the electrolytic solution 1s more than or equal to 20% by
mass.

8. The electrolytic capacitor according to claim 1, wherein 5
the solute includes an acid component and a base compo-
nent.

9. The electrolytic capacitor according to claim 1, wherein
the electrolytic solution further includes at least one kind of
ester compound selected from a group consisting of (1) a 10
condensation product of a boric acid and a hydroxy com-
pound and (11) a condensation product of a phosphoric acid
and a hydroxy compound.
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